We histologically examined the coronary arteries of 52 autopsied cases of the youths (3 to 39 years of age, mean 28.5 years) in Kyushu island, Japan, without clinical events of coronary artery diseases.
Introduction
Atherosclerosis is a complex, slowly progressive, chronic disease of the arteries that is initiated early in life. The disease may have a long latent period before the development of clinical manifestations.
Risk factors for atherosclerosis including cigarette smoking, hypercholesterolemia, diabetes mellitus, and hypertension have been well established (1).
It has generally been considered that the Japanese have less severe atherosclerosis than Caucasians.
However, it is obvious that the tendency of dietary habits in Japanese has recently become more westernized and the incidence of ischemic heart disease has gradually increased in Japan (2). Much attention therefore has been paid to the problem of atherosclerosis and prevention of hyperlipidemia in Japanese.
Several studies of coronary atherosclerosis have been reported in Western countries (3) (4) (5) (6) . A few pathological studies of atherosclerosis of Japanese have been reported (7, 8) , however, no study of the correlation between histological changes and stenosis of coronary atherosclerosis has been performed. In this study, we histologically and histometrically examined coronary atherosclerosis in Japanese youths (under 40 years of age) together with an analysis of the antemortem risk factors.
Materials and Methods
Collection of coronary arteries We examined 52 autopsied cases who ranged in age from 3 to 39 years (mean age 28.5), which were autopsied between January 1991 and December 1995 in 11 hospitals in Kyushu island, Japan.
No cases had clinical events of coronary artery diseases.
The distribution of sex and age is shown in Table 1 . The causes of death of these cases are shown in Table 2 . Malignancy, including leukemia and lymphoma, accounted for 58% of the total cases. Three cases of violent death were included.
Three cross sections of coronary arteries were taken from each heart fixed in 10% formalin ; the right coronary artery (Seg. 1), left anterior descending branch (Seg. 6), and the most stenotic portion which was decided macroscopically in the cross sections at 3-mm intervals. The segments of the most stenotic lesion are shown in Table  3 . Bifurcated regions of arterial branches were excluded from the tissue sampling.
The samples were embedded in paraffin. Hematoxylin and eosin and elastica van Gieason stains were used. 
Risk factors
We obtained the antemortem clinical data including serum total cholesterol (TC), serum triglyceride (TG), blood pressure, and smoking index (Brinkmann index), from 39 of the 52 autopsied cases (75%). The data were evaluated statistically using the unpaired Student's t-test.
A p value less than 0.05 was accepted as significant.
Results

Histopathological findings
The results are shown in Fig. 2 . All the segments of coronary arteries with under 25% stenosis were of a fibrous type, mainly concentric, and the majority of the segments with 25-50% stenosis were also of a fibrous type in each segment.
The proportion of the lipid-rich lesions increased in the segments showing over 50% stenosis.
All lipid rich lesions in this study were of the eccentric stenotic type. In the lesions with 50-75% stenosis, a half or more lesions of Seg. 6 and ST were of the eccentric lipid-rich type, whereas the lesions of Seg. 1 were predominantly of a fibrous type even with over-50% stenosis.
Lipid-rich types of atherosclerosis were predominantly observed in the segments with over-75% stenosis, although the number of such specimens was very small in this study.
Analysis of risk factors
We examined the correlation between risk factors and histological types (fibrous or lipid-rich type) of the most stenotic lesions. Serum TC levels were significantly higher in patients with lipid-rich types than with fibrous types (Fig. 3) , but no significant relationship was observed between serum TG or smoking index and histological type (data not shown). In addition, it is generally accepted that atherosclerosis starts from the infiltration of lipoproteins into the arterial walls (11). Such lipoproteins are modified by oxidation, and monocytes subsequently migrate into the intima and are transformed into foam cells (12). It is therefore considered that lipid-rich lesions could be predominant in even in early stage coronary atherosclerosis. However, our present have showed that the majority of early stage coronary atherosclerosis cases (under 50% stenosis) are of the fibrous type, and it is in the rather late stage that the lipid-rich type of lesions appears predominantly. In agreement with our results, Kragel et al. (4) reported that fibrous tissue was mainly noted in lesions with under 50% stenosis, and calcium and pultaceous debris were present in those with over-50% stenosis. Additionally Davies (9) showed that, even in over 75%-stenotic lesions, fibrous lesions comprised 60% of coronary atherosclerosis cases.
Our present results, together with these previous reports, indicate that proliferation of smooth muscle cells with production of extracellular matrix in the intima is a crucial event in the early stage of coronary atherosclerosis.
On the other hand, some differences between coronary and aortic atherosclerosis have been reported. The PDAY study has shown that atherosclerotic lesions are observed earlier and at a higher prevalence in the aortae than in the coronary arteries, and lipid-rich lesions are observed more frequently in the aortae (10). A few previous studies of Japanese youths (7, 13) reported similar results, although the severity of atherosclerosis in Japanese was much lower than that in Americans.
The atherosclerotic Index of the aortae was much greater than that of the coronary arteries in each decade of age (14).
It is interesting that a histological difference was observed between the right (Seg. 1) and left (Seg. 6) coronary arteries. The right coronary arteries showed a more predominantly fibrous type than the left even in the over-50%-stenotic lesions. The right and left coronary arteries undergo different ranges of motion during each cardiac cycle, the right exhibiting greater angulation, tortuosity and lateral motion (15). The differences of these anatomical and physiological aspects may affect the histological difference between the sides.
The serum TC levels were significantly higher in patients with lipid rich type lesions than in those with fibrous type. It is well known that hyperlipidemia plays a critical role in the progression of atherosclerosis, especially in developing a large lipid core. Our results support the previous studies (7, 16) . While smoking index did not correlate with the histological difference of atherosclerotic lesions in this study. It has been reported that atherosclerotic lesions of the coronary arteries and aortae were more frequent in smokers than in nonsmokers (10, 17) . Yokode et al. (18) demonstrated that low density lipoprotein (LDL) pretreated with cigarette smoking was easily modified and accumulated in macrophages. An immunohistochemical study revealed that a high level of smoking was accompanied by oxidized LDL deposition in the atherosclerotic lesions (19). These reports support the evidence that cigarette smoking accelerates the progression of atherosclerosis, especially that of lipid-rich types. It is also reported that coronary atherosclerosis is enhanced by the combination of hyperlipidemia and cigarette smoking (10). Further studies of the relation between coronary atherosclerosis and smoking index will be needed in Japanese youths.
It has recently been recognized that the rupture or erosion of atherosclerotic plaques associated with obstructive thrombus formation induces acute myocardial infarction (20) . About 70% of the plaques responsible for such cardiovascular events have been reported to show less than 50% stenosis, and the vast majority of the plaques are less than 70% stenosis (21-23). It has been also reported that plaque rupture was noted in 69% and plaque erosion in 31% of patients who had died suddenly of coronary artery disease, and that plaque erosion was more often observed in younger individuals and women (24, 25) . In addition, these lesions have less luminal narrowing, less calcification, and fewer foci of macrophages compared with those of plaque rupture (25). These lines of evidence indicate that not only lipid-rich lesions but also fibrous lesions, even those with less than 50% stenosis, are predictors of acute coronary events. These lesions were observed frequently in the coronary arteries of Japanese youths in this study.
Further attention therefore should be paid to elucidate the mechanisms in the development of predominantly fibrous lesions, because these are considered to be very important for the prevention of coronary atherosclerosis and also acute coronary events in Japanese.
There are several limitations of this study, especially in the number of cases examined ; only one case under 10 years of age and a paucity of female cases.
Additional studies are needed to confirm the results obtained in this study. 
